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Background: The risk of type 1 diabetes (T1DM), infections, cancer, schizophrenia and multiple sclerosis (MS) has been 
associated with environmental factors including vitamin D status. 

Results: No associations between season of birth and risk of MS were seen in the 1940 cohort or the 1996 cohort. In the 
1977 cohort, there was a borderline statistically significant decreased riskof MS in those born during wintertime compared 
with those born during summertime (HR = 0.70, 95% CI: 0.47-1.04, p = 0.07). There were no significant differences within 
the groups regarding season and risk of T1DM at any age, T1DM before 10 y, infection, any type of cancer, schizophrenia 
and myocardial infarction. In the 1977 cohort the risk of pneumonia was significantly lower among those born in the 
summer compared with the winter at any age (HR 0.91, 95% CI 0.85-0.97, p < 0.01) and at age < 10 y (HR 0.90, 95% CI 
0.84-0.97, p< 0.01). 

Materials and Methods: Data were obtained from all children born in Denmark in 1940 (n = 72,839), 1977 (n = 89,570), and 
1996 (n = 74,015). Information on contacts to hospitals (1977-2009) was obtained from the National Hospital Discharge 
Register. The main exposure variable was season of birth as a proxy variable for vitamin D status (summer: April- 
September and winter: October-March). 

Conclusion: MS and pneumonia in young subjects may be related to season of birth and thus maternal vitamin D 
exposure. Low sunlight exposure in the winter time leading to low vitamin D levels during pregnancy may be a potential 
explanation. 



Introduction 

Clinical evidence suggests that maternal and thus infant vitamin 
D insufficiency can modulate the future risk of developing chronic 
disorders among the children. 1 " 3 Vitamin D insufficiency and lati- 
tude have been related to the occurrence of disorders besides rick- 
ets, osteomalacia and osteoporosis. Such disorders include multiple 
sclerosis (MS), 4 type 1 diabetes (TlDM), 5 several types of cancer 6 
and infections. 7 Other studies have addressed seasonal variation 
in cancer caused by season of birth, and in general found little 
variation. 8 " 13 It should be noted that most studies have addressed 
breast cancer, while little attention has been paid to other can- 
cer types besides those potentially linked to infection. 14 " 18 These 
papers showed no evidence between cancer and infections. Besides 
sunlight and vitamin D, 19,20 cold weather and humidity 21,22 may 
affect the risk of pneumonia, and other infectious diseases such as 
influenza. 23 " 25 However, no studies on the effect of sunshine and 
vitamin D on pneumonia in Denmark are available. Furthermore 
melatonin may perhaps play a role for the incidence of breast 
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cancer. 26 Regarding seasonality of detection and survival in cancer, 
studies have shown that high calcitriol at the cancer diagnosis, may 
improve the survival of the prognosis of breast-, colon- and prostate 
cancer. 27,28 Also for heart disease some authors have suggested a 
role of vitamin D status, 25 although a meta-analysis found no defi- 
nite evidence for an association. 30 For some of these diseases epide- 
miological studies have shown that the risk depends on season of 
birth. Being born in the spring may be associated with an increased 
risk of MS, 4 and being born in winter and spring with an increased 
risk of TlDM. 5 However, no studies with hard end-points conclu- 
sively lend support to this hypothesis. It has been suggested that 
low maternal vitamin D levels in prenatal or early neonatal life can 
have effects in later life through the epigenetic process of genomic 
imprinting. 31 Imprinting is independent of the classical Mendelian 
inheritance and occurs only in a small proportion of genes through 
DNA methylation and histone modifications. The imprinted 
maternal or paternal alleles are silenced so that the expressed allele 
depends on its parental origin. The importance of imprinting may 
be that the process entails a possibility to modify genes to produce 
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the best possible phenotype to survive in the actual environment. 1 
Plasma 250HD, which reflects vitamin D status, shows seasonal 
variations with zenith in late summer (August to October) and nadir 
in early spring (February to April). 32 Vitamin D and its metabolite 
250HD are believed to cross placenta as early as 4 weeks after ges- 
tation via megalin, cubilin and vitamin D receptor (VDR) medi- 
ated processes. 1 In accordance, cord plasma concentrations of these 
compounds have been reported to reach 71-103% of Caucasian 
maternal levels at term. 33 In a large randomized trial by Hollis et 
al. 34 studying a Caucasian, Afro-American and Hispanic popula- 
tion, the infant levels of plasma 250HD were 58% of maternal 
levels in a group of mothers supplemented with 400 IU/ day of vita- 
min D3 group, 58% in a group supplemented with 2000 IU/day, 
and 60% in a group supplemented with 2400 IU/day. This may 
signal that mothers deficient in vitamin D during the pregnancy 
may give birth to children with very low 250HD, thus condition- 
ing the children for vitamin D deficiency related disorders. The 
active vitamin D metabolite, 1.25(OH)2D, which increases during 
pregnancy in the mother, does not seem to cross the placenta read- 
ily. 35 As a consequence of these mechanisms, fetal vitamin D sta- 
tus may show seasonal changes parallel to those observed in their 
mothers. In this context it is of importance that maternal vitamin 
D insufficiency is widespread in all age groups, including younger 
women with childbearing potential. 36 In Denmark and the UK, 
dietary intake of vitamin D is low (3.7 |xg daily for UK men and 
2.8 (jug for UK women 37 vs. 2.25 |xg daily in Danish women). 38 
Regarding supplements, Danish women used around 5 |JLg daily, 38 
while in the UK intake from supplements contributed 0.5-0.9 |xg 
per day. 37 The total daily intake of vitamin D may thus be higher in 
Denmark than in the UK. In spite of these enhanced intakes from 
supplements, serum levels of plasma 250HD show large seasonal 
variations 39 that covariate with seasonal variations in UV exposure 
with a delay in peak plasma 250HD concentration of around 6 
weeks compared with maximal UV exposure. 39 These findings 
confirm that stratification by season in Denmark reflect variations 
in vitamin D status as measured by plasma 250HD. The National 
Board of Health in Denmark recommend a daily intake of vitamin 
D of 10 (JLg to pregnant and children up to 2 y old, and 20 |xg to 
elderly from the age of 70 y. 4u Prior recommendations have been in 
place as early as the 19-forties on a Nordic Scale, 41 recommending 
intakes from around 10-20 |xg per day. There are evidence sup- 
porting that 250HD should be around 100-150 nmol/1 during 
pregnancy, to attain that circulation level, a daily intake of 100 
|xg (4,000 IU) vitamin D3 is required. 34,42 Current evidence sup- 
ports the concept that circulating 25 -hydroxy vitamin D should be 
40-60 ng/ml (100-150 nmol) during pregnancy and a daily intake 
of 4000 IU vitamin D3 is required to attain that circulating level. 34 
Our working hypotheses were that season of birth affected 
the risk of contracting MS, TlDM, and TlDM in childhood 
(before age 10), infections, cancers, acute myocardial infarc- 
tion and schizophrenia. To test these hypotheses we studied 
three birth cohorts in Denmark, which is a country with a 
high occurrence of MS, 43 and also a country with large seasonal 
variations in sunshine hours. 44 The birth cohorts were chosen 
from very different time periods to allow analysis of temporal 
variations. 



Results 

Multiple sclerosis (MS). Figure 1 shows the MS free survival 
by cohort and season of birth. The 1940 cohort showed no sig- 
nificant difference in risk of MS between those born in winter 
and summer (n = 154 vs. n = 152 cases, HR = 1.04, 95% CI: 
0.83-1.30, p = 0.73). In the 1977 cohort we were able to follow 
all patients from the time of birth to the onset of MS. There was 
a borderline statistically significant association between MS and 
season of birth, as 60.2% (n = 62) with MS was born in the sum- 
mer compared with 39.8% (n = 41) in wintertime (HR = 0.70, 
95% CI: 0.47-1.04, p = 0.07). In the 1996 cohort no difference 
in risk of MS was present, but few cases were observed (1 MS case 
among those born in the winter, 0 cases among those born in the 
summer). It did not alter the results to analyze by month of birth 
or quarter of birth. 

Type 1 Diabetes (TlDM): Any age. Table 1 shows the cumu- 
lated risk of TlDM at any age. In all three cohorts, the risk of 
being diagnosed with TlDM did not differ according season of 
birth. 

TlDM before age 10. Table 2 shows the cumulated risk of 
TlDM before age 10. In the 1940 cohort there were no data for 
onset before age 10. Neither in the 1977 nor the 1996 cohort 
did the risk of TlDM before the age of 10 y depend on season 
of birth. 

Infections. Table 3 shows the risk of being hospitalized with 
any infection. There were no significant differences within the 
groups regarding season of birth and later risk of any infection. 
Limiting the analyses to pneumonia among subjects in the 1977 
cohort, we found a significantly reduction in risk of pneumonia 
among those born in the summer compared with winter. The 
1996 cohort displayed no significant excess risk of pneumonia 
among those born in summer compared with winter. For pneu- 
monia before age 10 only data from the 1977 and 1996 cohorts 
could be analyzed. In both cohorts we saw the same trends as in 
the whole cohort (Table 3). 

Cancer. Table 4 shows the cumulated risk of developing can- 
cer. In none of the three birth cohorts, the risk of being diagnosed 
with cancer differed according season of birth. We also studied 
risk of developing certain types of common solid cancers in term 
of breast-, colon- or prostate-cancer. In none of the birth cohorts, 
the risk of being diagnosed with one of the three types of cancers 
differed between individuals born in summer- or winter-time. 

Schizophrenia. Table 5 shows the risk of schizophrenia. In 
the youngest 1996 cohort no cases were observed. In the 1940 
and 1977 cohorts no significant trends related to season of birth 
were present. 

Myocardial infarction. We found no trends for acute myocar- 
dial infarction (data not shown). 

Discussion 

In this large-scale population and register based cohort study we 
did not find any consistent associations between season of birth 
and risk of being diagnosed with MS, TlDM, and TlDM at 
early age, all infections, any type of cancer, schizophrenia or 



310 



Dermato-Endocrinology 



Volume 5 Issue 1 



Winter vs. Summer 

Summer ■+■ Summer-censored 
-"Winter ■+■ Winter-censored 



Cohorte born in 1940 



1,00- 




10 20 30 40 50 60 

Age (years since birth) 



Cohorte born in 1977 



1,00 



E 
o 



0,99 




15 20 25 30 

Age (years since birth) 
Cohorte born in 1996 




2 4 ~S~ 8 10 

Age (years since birth) 



acute myocardial infarct. However, in the 1977 cohort, risk of 
developing MS was non-statistically significantly higher among 
individuals born in summer compared with winter. Moreover, 
being born in winter was associated with a higher risk of later 
being hospitalized with pneumonia in all three birth cohorts. 

In MS several limitations may restrict the interpretation of 
outcome. In the 1996 cohort, the risk of MS had not reached 
its zenith, i.e., few cases of MS were present for analysis. In 
the 1940 cohort the results may be flawed because the Central 
Personal Register and the National Hospital Discharge Register 
first started to include data from 1977. At that time people in the 
1940 cohort were 37 y old, and MS had already had its onset. 
The difference regarding season of birth observed in the 1977 
cohort with a borderline statistical significant higher risk of MS 
with summer births are in accordance with prior results from 
Denmark, 45 Sweden, 46 the Netherlands 47 and Canada 48 with peak 
incidence in MS in those born between March through June. 
It is also supported by a study from Italy 4 ' where an excess of 
patients were born between June and November. In relation to 
vitamin D status, the findings may be explained in two ways. 
Those born during summer (May, June and July) must have been 
conceived during winter (November, December and January). 
I.e., they were conceived and in the embryonic or fetal state dur- 
ing a period of time where serum levels of 250HD were low and 
born at a time where serum 250HD levels were higher. 35 Hence, 
the effect of imprinting on risk of MS could in theory either be 
caused by low vitamin D status during early pregnancy or by low 
vitamin D status in late pregnancy or early after birth. However, 
the opposite could also be possible, i.e., that low vitamin D in 
the early pregnancy may be protective. Against this hypothesis 
may point that most studies have indicated a protective effect of 
higher vitamin D levels. 

If the increased risk of MS was founded early in life e.g., through 
vitamin D insufficiency, it could explain the fact that the occur- 
rence of MS changes little in subjects migration to another coun- 
try after childhood. 50 A geographical variation in the risk of MS is 
well-established with an increase in incidence with latitude on the 
Northern hemisphere. 31,51 This may be explained by the decrease 
in exposure to sunlight especially during winter at higher latitudes. 
Actually it has been demonstrated that as much as 73-84% of the 
variation in MS may be linked to geographical variation and thus 
potentially the sunlight exposure. 52 However, recent data have sug- 
gested that this geographical difference in occurrence of MS has 
disappeared. 53 The variation in MS according to season of birth 
has to be conceptually separated from the known seasonal varia- 
tions in diagnosis and exacerbations with a zenith in spring and 
a nadir in winter. 54 However, the latter observation support that 
some of the pathogenesis or patophysiology of MS may be linked 
to the effect of recent alterations in vitamin D status on e.g., the 
immune system. 55 However, the seasonal occurrence of MS may 
beside variations in vitamin D also be explained by variations in 
the occurrence of infections. 31,51,55 The low variation in MS with 
season of birth in our study may reflect the findings that the geo- 
graphical differences previously described seem to be diminish- 
ing. 53 However, not all studies agree with Koch-Henriksen. 56 By 
the time TlDM is diagnosed, about 80% of the (3-cells have been 



Figure 1. Shows the disease free survival in Kaplan-Meier survival 
curve, for multiple sclerosis from three cohorts where all were born in 
1940, 1977 and 1996, respectively. 



destroyed. 57 The incidence peaks around puberty, and the disease 
is usually diagnosed before age 30. 5S There is a marked geographic 
variation in incidence, with a child in Finland being about 350 
times more likely than a child in Venezuela to acquire diabetes. 59 
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Table 1. Shows the occurrence of T1D at any age, when subjects were compared within the three cohorts whether they were born during summertime 



or during wintertime (winter as reference) 



Birth cohort 


Season of birth 


N (%) Non cases 


N (%) Cases 


HR (95% CI) (p) 


1940 


Summer 


36111 (98.0) 


752 (2.0) 


0.92 (0.83-1.02) (p = 0.11) 




Winter 


35182 (97.8) 


794 (2.2) 


1977 


Summer 


45826 (99.6) 


204 (0.4) 


0.98 (0.80-1.19) (p = 0.80) 




Winter 


43342 (99.5) 


198 (0.5) 


1996 


Summer 


37530 (99.8) 


73 (0.2) 


0.96 (0.69-1.32) (p = 0.78) 




Winter 


36338 (99.8) 


74 (0.2) 



HR: Hazard rate (Cox proportional hazard regression) and 95% confidence intervals (CI). 



Table 2. Shows the occurrence of T1D before the age of 10y, when subjects were compared within the three cohorts whether they were born during 
wintertime or during summertime (winter as reference) 

HR (95% C) (p) 

NA 

0.95 (0.39-2.27) (p = 0.90) 
1.01 (0.72-1.42) (p = 0.94) 

b/ (U.2J 

HR: Hazard rate (Cox proportional hazard regression) and 95% confidence intervals (CI). 



Birth cohort 


Season of birth 


N (%) Non cases 


N (%) Cases 


1940 


Summer 


NA 


NA 




Winter 


NA 


NA 


1977 


Summer 


46020 (100) 


10(0.0) 




Winter 


43530(100) 


10(0.0) 


1996 


Summer 


37533 (99.8) 


70 (0.2) 




Winter 


36345 (99.8) 


67 (0.2) 



People with affected first-degree relatives are a lot more likely to 
develop TlDM than the population in general — this points to an 
important genetic influence. 60 However, in a Finnish study from 
1992 the authors showed low concordance among identical twins 
and that many children with a genetic predisposition to the disease 
did not develop the disease, suggesting that it could have an impor- 
tant environmental factor. 61 One of the environmental factors 
thought to be protective against development of TlDM, is early 
supplementation with vitamin D. 60 This is supported by previous 
studies from Finland 62 Norway 63 and other European countries 60 
showing that a high vitamin D intake, including intake of cod liver 
oil during pregnancy or in early life may reduce the risk of TlDM 
for up to 31 y. 62,63 However, in our study we did not show any 
significant effect of season of birth on the occurrence of TlDM. 

The risk of respiratory infection may depend on the present 
vitamin D status. In this way the risk of developing respira- 
tory infection in children is increased by coexisting nutritional 
rickets. 64 An acute severe lower respiratory tract infection in 
non-rachitic children also has been associated with sub-clinical 
vitamin D deficiency. 65 This could imply that vitamin D defi- 
ciency is involved in the pathogenesis of respiratory infections. 
However, this should be separated from the effect of season and 
vitamin D status at birth and future disease. In our study we 
failed to find any association between season of birth and the 
overall occurrence of any infection. This may support, that other 
mechanisms influence the seasonal variation in the occurrence of 
respiratory infections. However, restricting the analyses to risk of 
pneumonia showed an increased future risk in individuals born 
at wintertime, but this may by itself not prove an effect of vita- 
min D. Due to the nature of our study, we are not able to con- 
clude whether this is due to an effect of vitamin D status or to 



other potential mechanisms related to risk of infections. Further 
studies are needed to elucidate this hypothesis. 

The risk of cancer may be related to recent or average adult 
vitamin D status and solar exposure. 66 However, in our study 
we failed to find any association between season of birth and the 
overall later risk of any cancer, breast-, colon- or prostate cancer 
suggesting that genetic imprinting caused by vitamin D probably 
is of minor or no importance. 

Previous data have suggested that winter births are associated 
with an increased incidence of later schizophrenia. 67 However, we 
observed no effect of season of birth on risk of schizophrenia. The 
absence of cases in the youngest group is in accordance with the 
fact that schizophrenia does not present itself before the age of 13 y. 

In this study we did not find that season of birth had major 
long-term effects on hard endpoints related to vitamin D status 
except for a potential effect on MS. A short-term effect on pneu- 
monia risk may be possible. 

We conclude that the risk of later MS varied with season of 
birth being highest with summer births but only in the age group 
15—35 y. Neither the risk of TlDM, cancer, all types of infections 
or schizophrenia varied with season of birth. However, winter 
birth was associated with a future increased risk of pneumonia. 
Accordingly, our results do not exclude an effect of time of year 
of birth on subsequent risk of certain diseases, and further stud- 
ies should aim to elucidate whether this may be due to vitamin D 
induced genetic imprinting. 

Materials and Methods 

The subjects consisted of three Danish birth cohorts. The first 
cohort comprised all Danish citizens born in 1940, the second all 
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Table 3. Shows the occurrence of all types of infection and pneumonia caused by infection, 
whether they were born during wintertime or during summertime (winter as reference) 

Infection Type 



all type 



Pneumonia 



Pneumonia age < 10 



Pneumonia age < 1 



Birth cohort 


Season of birth 


N (%) Non cases 


N (%) cases 


1940 


Summer 


34782 (94.4) 


2081 (5.6) 




Winter 


33975 (94.4) 


2001 (5.6) 


1977 


Summer 


41653 (90.5) 


4377 (9.5) 




Winter 


39497 (90.7) 


4043 (9.3) 


1996 


Summer 


33878 (90.1) 


3725 (9.9) 




Winter 


32802 (90.1) 


3610 (9.9) 


1940 


Summer 


35979 (97.6) 


884 (2.4) 




Winter 


35048 (97.4) 


928 (2.6) 


1977 


Summer 


44464 (96.6) 


1566 (3.4) 




Winter 


41913 (96.3) 


1627 (3.7) 


1996 


Summer 


37326 (99.3) 


277 (0.7) 




Winter 


36105 (99.2) 


307 (0.8) 


1940 


Summer 


36863 (100) 


NA 




Winter 


35976(100) 


NA 


1977 


Summer 


44613 (96.9) 


1417 (3.1%) 




Winter 


42052 (96.6) 


1488 (3.4%) 


1996 


Summer 


37332 (99.3) 


271 (0.7%) 




Winter 


36107 (99.2) 


305 (0.8%) 


1940 


Summer 


36863 (100) 


NA 




Winter 


35976(100) 


NA 


1977 


Summer 


45386 (98.6) 


644 (1.4%) 




Winter 


42894 (98.5) 


646 (1.5%) 


1996 


Summer 


37516 (99.8) 


87 (0.2%) 




Winter 


36312 (99.7) 


100 (0.3%) 


1940 


Summer 


35979 (97.6) 


884 (2.4%) 




Winter 


35048 (97.4) 


928 (2.6%) 


1977 


Summer 


45881 (99.7) 


149 (0.3%) 




Winter 


43401 (99.7) 


139 (0.3%) 


1996 


Summer 


37597 (99.98) 


6 (0.02%) 




Winter 


36410(99.99) 


2(0.01%) 



Pneumonia age > 10 



HR: Hazard rate (Cox proportional hazard regression) and 95% confidence intervals (CI). 



when subjects were compared within the three cohorts on 

HR (95% CI) (p) 

1.02 (0.96-1.08) (p = 0.61) 

1.02 (0.98-1.07) (p = 0.33) 
1.01 (0.97-1.06) (p = 0.66) 
0.93 (0.85-1.02) (p = 0.11) 
0.91 (0.85-0.97)* (p < 0.01) 
0.87(0.74-1.03) (p = 0.10) 
NA 

0.90 (0.84-0.97)* (p < 0.01) 
0.86 (0.73-1.01) (p = 0.07) 
NA 

0.94 (0.84-1.05) (p = 0.27) 
0.84 (0.63-1.12) (p = 0.24) 
0.93 (0.85-1.02) (p = 0.11) 
1.01 (0.80-1.27) (p = 0.931) 
2.90 (0.59-14.4) (p = 0.19) 



born in 1977 and the third all subjects born in 1996. All three 
cohorts were followed for the occurrence of a diagnosis of MS 
and TlDM, cancer ischemic heart disease and schizophrenia, 
and for hospitalizations for infections. 

The codes for the occurrence of MS were ICD-8 [340 and 
ICD-10 (G35)]. The codes of the occurrence of TlDM were 
ICD8 (249) and ICD-10 (E10). Infection was defined as any 
infection [bacterial (incl. tuberculosis), virus, parasites and 
fungi] and we counted all hospital contacts as outcome, further- 
more we studied separately pneumonia caused by infections. The 
codes of the occurrence of infection were ICD-8 (000-130) and 
ICD10 (A00-B90) and the codes for pneumonia were ICD-8 
(48099-48101, 48108, 48109, 48209, 48219, 48290, 48299, 
48300, 48308, 48309, 48499, 48599, 48699) and ICD-10 (J13, 
J14, J15). Cancer was subdivided into all types, breast, prostate 
and colon cancer using the codes ICD-8 (140-200.9) and ICD10 



(C00-D00). When only appraising colon cancer, the codes were 
ICD-8 (153) and ICD-10 (C18). The ICD-8 codes for breast 
cancer were (174-17402, 17408, 17409) and for ICD10 (C50). 
ICD-8 codes for prostate cancer were (18599) and for ICD-10 
(DC61). ICD-8 codes for schizophrenia were (29509, 29519, 
29529, 29539, 29549, 29559, 29569, 29579, 29589 and 29599) 
and for ICD-10 (F20). For acute myocardial infarction, the codes 
were 41009, 41099, and 1211-1219. 

For the cancers breast cancer, colon cancer, and prostate can- 
cer were chosen as candidates for further study, as these cancers 
are frequent (many end-points could be expected, especially 
in the older age strata). The occurrence of these end-points 
between January 1, 1977 and December 31 2009 was tracked 
through the National Hospital Discharge Register. 68 This reg- 
ister was founded in 1977 and has national coverage with an 
almost 100% capture of diagnoses. 68 From 1968 all Danish 
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Table 4. Shows the occurrence of all types of cancer, furthermore breast-, colon and prostate cancer, when subjects were compared within the three 



cohorts whether they were born during wintertime or during summertime (winter as reference) 



Cancer Type 


Birth cohort 


Season of birth 


N (%) non cases 


N (%) cases 


HR (95% CI) 


all type 


1940 


Summer 


31908 (86.6) 


4955 (13.4) 


0.98(0.95-1.02) (p = 0.43) 






Winter 


31073 (86.4) 


4903 (13.6) 




1977 


Summer 


45688 (99.3) 


342 (0.7) 


0.92 (0.79-1.07) (p = 0.27) 






Winter 


43188 (99.2) 


352 (0.8) 




1996 


Summer 


37540 (99.8) 


63 (0.2) 


1.00(0.70-1.42) (p= 1.00) 






Winter 


36351 (99.8) 


61 (0.2) 


Breast 


1940 


Summer 


35780 (97.1) 


1083 (2.9) 


0.97 (0.89-1.06) (p = 0.48) 






Winter 


34888 (97.0) 


1088 (3.0) 




1977 


Summer 


46020 (100) 


10(0.0) 


0.68 (0.30-1.52) (p = 0.35) 






Winter 


43526 (100) 


14 (0.0) 




1996 


Summer 


37596 (100) 


7 (0.0) 


0.48 (0.20-1.20) (p = 0.12) 






Winter 


36398(100) 


14 (0.0) 


Colon 


1940 


Summer 


36432 (98.8) 


431 (1.2) 


0.92(0.81-1.05) (p = 0.22) 






Winter 


35520 (98.7) 


456(1.3) 




1977 


Summer 


46022 (100) 


8 (0.0) 


0.84 (0.33-2.18) (p = 0.72) 






Winter 


43531 (100) 


9 (0.0) 




1996 


Summer 


37598 (100) 


5 (0.0) 


0.69 (0.22-2.18) (p = 0.53) 






Winter 


36405 (100) 


7 (0.0) 


Prostate 


1940 


Summer 


36589 (99.3) 


274 (0.7) 


0.89 (0.76-1.05) (p = 0.17) 






Winter 


35676 (99.2) 


300 (0.8) 




1977 


Summer 


46030(100) 


0 (0.0) 


NA 






Winter 


43539 (100) 


1 (0.0) 




1996 


Summer 


37603 (100) 


0 (0.0) 


NA 






Winter 


36412(100) 


0 (0.0) 



HR: Hazard rate (Cox proportional hazard regression) and 95% confidence intervals (CI). 



Table 5. Shows the occurrence of schizophrenia when subjects were compared within the three cohorts whether they were born during wintertime or 



during summertime (winter as reference) 



Schizophrenia 


Birth cohort 


Season of birth 


N (%) non cases 


N (%) cases 


HR (95% CI) 






1940 


Summer 


36777 (99.8%) 


86 (0.2%) 


1.02(0.76-1.38) (p = 


0.89) 






Winter 


36894 (99.8%) 


82 (0.2%) 




1977 


Summer 


45976 (99.9%) 


54 (0.1%) 


1.11 (0.75-1.65) (p = 


0.60) 






Winter 


43494 (99.9%) 


46 (0.1%) 




1996 


Summer 


37603 (100%) 


NA 


NA 








Winter 


36412 (100%) 


NA 





HR: Hazard rate (Cox proportional hazard regression) and 95% confidence intervals (CI). 



citizens were assigned a unique identification code (the Central 
Personal Register number; CPR number), which allows track- 
ing of all inhabitants with regard to day of birth, gender, death 
and emigration. The CPR number to some extent is similar to 
the American Social Security Number. By combining the CPR 
number and The National Hospital Discharge Register it is pos- 
sible to link information about gender and month of birth to the 
occurrence of later disease. The Danish health system is financed 
through taxes and is free of charge to use. The public hospitals, 
which are covered by the National Hospital Discharge Register, 



provide almost 100% of the health services in the country. Data 
were obtained from: (1) all born in 1940 (n = 72,839, and still 
alive as of January 1, 1977 upon start of the register); (2) all born 
in 1977 (n = 89,570, all included); and (3) all born in 1996 (n = 
74,015, all included). We retrieved all contacts to hospitals from 
1977 to 2009 from the National Hospital Discharge Register. 
The main exposure variable was season of birth (subdivided into: 
summer, i.e., April— September and winter, i.e., October— March) 
and the main outcome variable was occurrence of MS, TlDM, 
TlDM before the age of 10, hospitalization due to infections, 
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hospitalization due to pneumonia, all cases of cancer, colon can- 
cer, breast cancer and prostate cancer, schizophrenia and acute 
myocardial infarction. We re-analyzed the results by individual 
birth month, quarter of birth, and by changing the definition of 
winter/summer by moving this across a number of alternatives. 
This did not change the results (data not shown). The study was 
performed according to the Helsinki Declaration II. The study 
was notified to the Danish Data Protection Agency (journal 
no. 2008-41-2185) and approved by the The Central Region 
Committee on Biomedical Research Ethics, Aarhus County 
(protocol No. M-2007-0255). 

Statistics. Cumulated incidence proportions were calculated 
for all three cohorts by month of birth and stratified by season. 
Statistical analyses were done using one-sided Fisher's exact test 
and Kaplan-Meier survival plots using IBM SPSS version 19, 
and calculating hazard ratios (HR) with 95% CI from a Cox 



proportional hazard model using time from birth to event and 
season of birth. We tested the proportional hazard assumption by 
checking the log-minus-log plots. 

Strengths and limitations. The major advantage of the study 
is its size and that it is population based and uses information 
sampled without specific reference to birth season. This has 
reduced selection and information bias. In general the quality of 
the Danish registries is considered to be high. 68 The high num- 
ber of comparisons may increase the likelihood of type 1 errors 
due to by chance findings. However, even though we performed 
many separate analyses the number of significant findings was 
limited, which may speak against major influence from type 1 
error from multiple testing. 
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